VISUAL ABSTRACTWang
for approximately 50% of deaths due to chronic kidney disease (CKD) (1) (2) (3) . It is thought that traditional cardiovascular risk factors such as hypertension, volume overload, and anemia are major causes of UCM; however, UCM may also develop independently of these above-mentioned risk factors (4, 5) . Although a number of factors, including metabolic acidosis, inflammation, increased oxidant stress, and insulin resistance may contribute to the development of UCM (1, 6, 7) , the exact mechanism is still largely unknown.
Pyroptosis is a pro-inflammatory programmed cell death, which is mainly mediated by caspase1 activation and subsequently processes the proforms of inflammatory cytokines (interleukin [IL]-1b and IL-18) into active forms (8) . Pyroptosis is morphologically and mechanistically distinct from other forms of cell death (apoptosis and necroptosis). Apoptosis is perhaps the most widely recognized program of cell death, and is initiated by caspases 2, 8, 9, and 10, and requires the effector caspases 3, 6, and 7 (9) . In contrast, pyroptosis is mainly mediated by caspase 1 activation and is a programmed process of cellular self-destruction, and therefore was not initially distinguished from apoptosis (8) . Pyroptosis is generally considered as cell death plus inflammation and is mediated by caspase 1 activation (6) . Accumulating evidence has identified the vital role of apoptosis and inflammation in the development of UCM (10, 11) . However, whether pyroptosis is involved in UCM and the potential mechanism that is involved have not been clarified.
Forkhead transcription factors of the O class
(FoxO1, FoxO3, FoxO4, and FoxO6) transcriptionally activate or inhibit a number of target genes and play important roles in proliferation, apoptosis, inflammation, and pyroptosis (12) . In the heart, FoxO1 and FoxO3a are the dominant FoxO family members (13, 14) . Activation of FoxO1 and FoxO3a is an important mediator of pathologic cardiac hypertrophy (15, 16) . MicroRNAs (miRs) are short, noncoding RNAs that downregulate proteins by binding to complementary sequences in the 3'-untranslated regions (3'-UTRs) of target mRNAs (17) . miRs have also been shown to be involved in pyroptosis through FoxO regulation: 1) Dysregulated miR-148a in hepatocytes through FoxO1 facilitate pyroptosis in alcoholic liver disease (18) ; and 2) miR-30d regulates cardiomyocyte pyroptosis by directly targeting FoxO3a in patients with diabetic cardiomyopathy (19) . In our previous 
miR-155 Regulates Cardiomyocyte Pyroptosis studies, we have shown that a range of miRs (e.g., miR-23a, miR-26a, miR-27a, and miR-29) could downregulate FoxO1 and/or FoxO3 expression in skeletal muscle and heart under uremic stress conditions (17, (20) (21) (22) . However, the role of miRs/FoxO axis in patients with UCM is largely unknown.
Mammalian cells produce miRs that not only regulate physical activity per se, but also influence neighboring cells, and even distant cells in other organs (23, 24) . Exosomes are small 30-to 150-nm vesi- Briefly, formalin-fixed, paraffin-embedded heart sec- Medium (DMEM) were collected for 48 h and exosomes were purified by several centrifugation and filtration steps, as described previously (15) . Briefly, the supernatant was centrifuged at 2,000 Â g for 10 min and 16,000 Â g for 30 min, followed by Cardiomyocytes were isolated from hearts of neonatal SD rats using established methods (35) . Briefly, the ventricles were digested with collagenase (0.4 mg/ml) and pancreatin (0.6 mg/ml) in 116 mM NaCl, 20 mM HEPES (pH 7.35), 0.8 mM NaH 2 PO 4 , 5.6 mM glucose, 5.4 mM KCl, 0.8 mM MgSO 4 . The supernatant was added to one-fifth (20%) volume horse serum to stop digestion and resuspended in DMEM with 10% horse serum, 5% FBS, penicillin (100 U/ml), and streptomycin (100 mg/ml). The collected supernatant was passed through a 100-mm cell strainer and plated in petri dishes for 45 min at 37 C to adhere to fibroblasts.
The supernatant was centrifuged at 1,000 rpm for 5 min. Percoll-separated digests were performed to distinguish cardiomyocytes, fibroblasts, and other cells. Finally, the collected cardiomyocytes were plated on gelatin-coated plates under culture conditions (37 C in 5% CO 2 ) (Supplemental Figure 1) .
EXOSOME-CARDIOMYOCYTES
FUSION. Exosomes harvested from the medium of cultured macrophages (RAW264.7) were labeled with 2 mM PKH67 cleaved Gsdmd p30 protein was increased in the heart of mice following uremic challenge ( Figures 1D and   1E ). Furthermore, increased cell death occurred in UCM, whereas cell death rarely occurred in the control group ( Figures 1F and 1G) ; however, Ac-YYAD-cmk significantly attenuated all of these changes ( Figures 1B to 1G) . Additionally, Ac-YYAD-cmk improved UCM, as evidenced by the significantly reduced heart size ( Figure 1H ), heart weight ( Figure 1I) , ratio of heart weight-to-body weight ( Figure 1J Table 2 ). These results suggest that 3F ) and improved UCM, as evidenced by significantly reduced heart size ( Figure 3H ), heart weight ( Figure 3I) , ratio of heart weight-to-body weight ( Figure  3J ), myocardial hypertrophy ( Figures 3K and 3M) , and interstitial fibrosis area ( Figures 3L and 3K) , and improved cardiac function (Supplemental Table 2 ), indicating the decrease in 4G ) and improved UCM, as indicated by significantly reduced heart size ( Figure 4H ), heart weight ( Figure 4I) , ratio of heart weight-tobody weight ( Figure 4J ), myocardial hypertrophy ( Figures 4K and 4L) , and interstitial fibrosis area ( Figures 4M and 4N) ; and improved cardiac function (Supplemental Table 2 ). As expected, miR-155- Table 2 ). Table 2 ). miRs are processed from hairpin-containing primary transcripts (53) . miR-155 is encoded and coexpressed from the noncoding RNA gene, BIC, and is highly expressed in macrophages (54) . MiR-155 has been reported to be expressed in atherosclerotic plaques and proinflammatory macrophages in the cardiovascular system (34) . In the present study, our Scale bars: 100 nm (B). #p < 0.05 versus 5% US, *p < 0.05 versus 5% US plus macrophage exosome. PI ¼ propidium iodide;
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qRT-PCR ¼ quantitative real-time polymerase chain reaction; US ¼ uremia serum; other abbreviations as in Figures 1 and 2 . is a typical feature of uremic hearts; however, the exact role of macrophages in uremic hearts is still not clear.
In In summary, our study is the first to show that pyroptosis is involved in the pathogenesis of UCM.
The striking finding of this study was the proof of concept that infiltrated macrophages secreted miR- 
